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Spacers For Reducing Crosstalk And Maintaining Clearances 



COPYRIGHT NOTICE 

[0001] Contained herein is material that is subject to copyright protection. 
The copyright owner has no objection to the facsimile reproduction of the patent 
disclosure by any person as it appears in the Patent and Trademark Office patent 
files or records, but otherwise reserves all rights to the copyright whatsoever. 

FIELD OF THE INVENTION 

[0002] This invention relates to the field of printed circuit boards, and more 
specifically, to a method of efficiently reducing crosstalk and maintaining 
clearances between traces on a printed circuit board design. 

BACKGROUND OF THE INVENTION 

[0003] The printed circuit board (hereinafter "PCB") design starts when a 
designer selects the electronic components to perform required functions. The 
designer must then determine the most efficient and effective way to 
electronically interconnect the devices. There are many considerations in 
designing a PCB. One consideration, for example, is the way that traces on a 
PCB are laid out so as to reduce the amount of crosstalk (e.g., noise or 
interference) that can be emitted on the PCB. 

[0004] FIG. 1 illustrates some of the main components on a PCB. The 
PCB of FIG. 1 shows two traces 1 10, 1 12, where each trace is a wire that is laid 
out on a PCB 100. A trace comprises vertical segments and horizontal 
segments. A trace can be placed between two pins (e.g., trace 110 is placed 
between pin 104 and pin 108; and trace 112 is placed between pin 102 and pin 
106), or between a pin 102, 104, 106, 108 anda via 114, 116, 118, 120. 

[0005] When one trace 1 1 0 is placed next to another trace 1 1 2 in a PCB 
design (hereinafter referred to as "virtual PCB"), crosstalk may result. The 
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amount of crosstalk produced depends on the distance between the traces 110, 
112. The farther the distance between the traces 1 10, 112, the less crosstalk 
there is. However, due to limited space on a PCB, a PCB must be designed 
such that the trace density on the virtual PCB 100 is maximized to accommodate 
all the required devices, and the crosstalk on the virtual PCB 100 is minimized. 

[0006] To reduce the amount of crosstalk between traces 1 1 0, 1 12 when 
laying traces on a virtual PCB 100, it is necessary to keep certain clearances 
between them. The problem, however, is that it becomes difficult to maintain 
clearances and ensure stability of changes as more traces are routed. In current 
practice, if laying one trace down on a virtual PCB 100 causes crosstalk between 
existing traces or between the new trace and the existing traces, a designer must 
manually move the trace and/or the existing traces. 

[0007] As shown in FIG. 2, crosstalk problems are fixed by moving vertical 
segments of traces 104A, 104B away from each other 200, 202 to cause a larger 
separation between the vertical segments of the traces 1 1 0, 1 12, thereby 
reducing crosstalk. As illustrated in FIG. 3, however, while crosstalk between 
two traces may be resolved, the placement of an additional trace 300 may again 
cause crosstalk between the existing traces 1 10, 1 12. 

[0008] Since hundreds of traces may be routed on a single virtual PCB 
1 00, it is easy to see that the manual movement of traces to reduce crosstalk and 
to maintain clearances may make for a very cumbersome PCB design process. 



Docket No.: 2282P1 13 3 
Express Mail Label: EI567359332US 



SUMMARY OF THE INVENTION 



[0009] In one aspect of the invention, a method for laying traces on a 
printed circuit board is disclosed. The method comprises routing a first trace; 
routing a second trace, the second trace causing crosstalk; and reducing 
crosstalk between the first trace and the second trace by Inserting a spacer 
between the traces. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The present invention is illustrated by way of example, and not by 
way of limitation, in the figures of the accompanying drawings and in which like 
reference numerals refer to similar elements and in which: 

[0011] FIG. 1 illustrates a printed circuit board and common components. 

[0012] FIG. 2 illustrates current practice in reducing crosstalk. 

[0013] FIG. 3 illustrates the problem of maintaining clearances. 

[0014] FIG. 4 illustrates the concept of a spacer. 

[0015] FIG. 5 is a flowchart illustrating a method for reducing crosstalk 
using spacers in accordance with one embodiment of the invention. 

[0016] FIG. 6 is a flowchart illustrating a method for reducing crosstalk 
using spacers in accordance with another embodiment of the invention. 

[0017] FIG. 7 illustrates the concept of maintaining clearances by using 
spacers. 

[0018] FIG. 8 is a flowchart illustrating a method for maintaining specified 
clearances in accordance with embodiments of the invention. 

[0019] FIG. 9 illustrates an exemplary computer system in which 
embodiments of the invention may be implemented. 
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DETAILED DESCRIPTION OF THE INVENTION 

[00201 In one aspect of the invention, a method for reducing or eliminating 
crosstalk caused by trace layout on a printed circuit board is disclosed. Crosstalk 
rules that specify clearances to be maintained between traces on a PCB are 
defined, and consulted when designing a PCB. Where laying a first trace (an 
aggressor trace) next to a second trace (a victim trace) causes crosstalk on the 
virtual PCB, an artificial obstruct called a spacer is inserted between the two 
traces in accordance with crosstalk rules such that the specified clearances are 
maintained. 

[0021] In a further aspect of the invention, a method for maintaining 
clearances between traces on a printed circuit board is disclosed. When 
specified clearances between traces on a virtual PCB are disturbed, spacers are 
dynamic and adjust in accordance with the crosstalk rules. 

[0022] The present invention includes various operations, which will be 
described below. The operations of the present invention may be performed by 
hardware components or may be embodied in machine-executable instructions, 
which may be used to cause a general-purpose or special-purpose processor or 
logic circuits programmed with the instructions to perform the operations. 
Alternatively, the operations may be performed by a combination of hardware 
and software. 

[0023] The present invention may be provided as a computer program 
product which may include a machine-readable medium having stored thereon 
instructions which may be used to program a computer (or other electronic 
devices) to perform a process according to the present invention. The machine- 
readable medium may include, but is not limited to, floppy diskettes, optical disks, 
CD-ROMs (Compact Disc-Read Only Memories), and magneto-optical disks, 
ROMs (Read Only Memories), RAMs (Random Access Memories), EPROMs 
(Erasable Programmable Read Only Memories), EEPROMs (Eletrically Erasable 
Programmable Read Only Memories), magnet or optical cards, flash memory, or 
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other type of media / machine-readable medium suitable for storing electronic 
instructions. 

[0024] Moreover, the present invention may also be downloaded as a 
computer program product, wherein the program may be transferred from a 
remote computer (e.g., a server) to a requesting computer (e.g., a client) by way 
of data signals embodied in a carrier wave or other propagation medium via a 
communication link (e.g., a modem or network connection). Accordingly, herein, 
a carrier wave shall be regarded as comprising a machine-readable medium. 

Introduction 

[0025] FIG. 1 illustrates a printed circuit board 100 comprising pins 102, 
104, 106, 108, traces 110, 1 12, and vias 1 14, 116, 118, 122. A pin 102, 104, 
106, 108 is a terminal on a component for establishing connections using a trace; 
a via 1 14, 1 16, 1 18, 120 is a plated through hole in a virtual PCB 100 used to 
route a trace vertically in the board, from one layer to another; and a trace 1 10, 
112 is a predefined metal pathway printed on the surface of a virtual PCB 100 to 
layout a connection. 

[0026] A given set of pins 102, 104, 106, 108, vias 114, 116, 118, 120, and 
traces 1 10, 1 12 that are all electrically connected is called a physical net 122. 
Electronic components are mounted on a virtual PCB 100 in one of two ways: 
component legs can be inserted through holes in the virtual PCB 100 and then 
attached to pad areas (i.e., geometric representations of a pin 102, 104, 106, 108 
or a via 114, 116, 118, 120 on a given layer) on the opposite side of the board 
with solder; or component legs can be soldered directly to pad areas on the 
surface of the board. 

[0027] A trace 1 1 0, 1 1 2 can be a victim trace or an aggressor trace. A 
victim trace is a trace that has been routed, and an aggressor trace is a trace that 
causes crosstalk on the PCB when it is laid next to the victim trace. Similarly, a 
net can be a victim net or an aggressor net, where a victim net is a set of 
interconnected traces, and an aggressor net is a set of traces that causes 
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crosstalk. As used herein, crosstalk may occur between traces, or between nets. 

[0028] A spacer may be attached to one or more traces, where the 
distance between the spacer and any given trace is zero: the spacer is said to 
have zero clearance. A spacer can also be attached to one to four sides of a 
victim net. It may be edge coupled to a victim net, appearing on each side of the 
victim net, or it can be broadside coupled to a victim net, appearing above and/or 
below the victim net. 

[0029] A spacer can be attached as widely or as long as needed. Given a 
spacer of a certain length to reduce the amount of crosstalk, the spacer can be 
made shorter but wider to eliminate the same amount of crosstalk. This allows 
spacers to be inserted in areas where pads (geometrical representations of a pin 
or a via on a given layer) exist, and where pads are missing, spacer lengths can 
be greater. 

[0030] In one aspect of the invention, spacers are inserted in accordance 
with crosstalk rules (also known as specified clearances) to reduce crosstalk 
between traces. In another aspect of the invention, spacers are smart in that 
they dynamically adjust in accordance with the crosstalk rules when specified 
clearances are disturbed. Crosstalk rules may comprise noise thresholds, which 
define the maximum crosstalk between traces or nets; and aggressor distances, 
which specify the maximum distance that an aggressor net may be from a victim 
net. 

Noise Thresholds 

[0031] Maximum crosstalk can be specified in crosstalk rules. Threshold 
can be defined in terms of physical threshold and/or and electrical threshold. 
Physical thresholds can be specified by length of parallelism and spacing values, 
and electrical thresholds can be specified in terms of voltage, typically millivolts, 
and include both inductive and capacitive coupling. 

[0032] For example, given a set of measured or calculated crosstalk 
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readings at particular gap sizes (i.e., the distance between parallel traces), a 
table of physical lengths may be created comprising crosstalk limits. Thus, if a 
given trace experiences a crosstalk of 100mV/inch at a gap size of and 
wishes to restrict total crosstalk on a net to 100mV, one would divide 100mV/inch 
by 100mV and arrive at a maximum parallel run length of 1 inch. Crosstalk levels 
would then be computed at successive gap ranges (i.e., 4*'', 12*^) and 
corresponding length limits. Parallel sections can then be examined - the lengths 
of parallel sections at a given gap distance is added and divided by the maximum 
distance at that length. If an electrical threshold is specified, then calculations 
would be made for mVolts, for instance, which refers to the amount of noise that 
can be generated by adjacent traces. 

Aggressor Distance 

[0033] A designer can also specify the maximum distance that an 
aggressor net may be from a victim net. A specified distance determines how far 
out to look for an aggressor net on each side of a victim net (including the 
adjacent layer). 

Reducing Crosstalk 

[0034] FIG. 4 Illustrates a virtual PCB 400 in which a spacer is used. It 
comprises a first trace 402, and a second trace 404, where the first trace will be 
referred to as the victim trace 402, and the second trace will be referred to as an 
aggressor trace 404. Between the two traces is an artificial obstruct called a 
spacer 406 for maintaining a specified clearance between the two traces 402, 
404. The spacer 406 is artificial because it is inserted for the purpose of laying 
out traces on a printed circuit board, but will not appear on the final printed circuit 
board design. 

[0035] When the aggressor trace 402 is laid next to the victim trace 400, 
and a specified clearance (i.e., noise threshold or an aggressor distance) has 
been exceeded, a spacer 406 is automatically inserted to meet the specified 
clearance. 
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[00361 FIG. 5 is a flowchart illustrating a method in one embodiment for 
laying out traces on a printed circuit board to reduce crosstalk between traces. 
The method begins at block 500. A first trace (a victim trace) is routed at block 
502. At block 504, a second trace (an aggressor trace) is routed. Specified 
clearances are checked at block 506. If the clearances are exceeded, then a 
spacer is then inserted between the first and second traces at block 508 so as to 
reduce crosstalk. If specified clearances are not exceeded, then PCB design 
continues at block 510 (i.e., it ends or more traces or nets are added). The 
method ends at block 512. 

Aggressor Trace/Net Analysis 

[0037] Spacers can be generated automatically, semi-automatically, or 
interactively. In one embodiment, spacers are inserted on a net-by-net, or a 
trace-by-trace basis. In automatic mode, spacers are automatically generated in 
accordance with crosstalk rules, such that they are attached to all traces and/or 
victim nets in order to create the minimum separation required to meet the 
maximum crosstalk values. For example, for a given victim net, and a specified 
aggressor net distance of 25 mils, an aggressor net is searched for on each side 
of the victim net at a distance of 25 mils. In the discussion below, what applies to 
nets also applies to traces. 

[0038] AH nets are checked. If a crosstalk rule has been assigned to a net, 
it is designated as a victim net. The crosstalk rules for the given victim net are 
checked. Any nets relative to the victim net that exceed the given crosstalk rule 
are then designated as an aggressor net, and a spacer is inserted between the 
victim net and the aggressor net. This process of finding victim nets and 
aggressor nets can be accomplished, for example, by using a lookup table based 
on user assigned parameters for crosstalk for each victim net. 

[0039] In semi-automatic mode, violations, or victim nets in which 
maximum crosstalk values are exceeded, are searched for. When a violation is 
found, a spacer is inserted. The user then has the option to accept or reject the 
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creation of the spacer. In embodiments of the invention, if the user accepts the 
creation, then the next violation is found and the process is repeated until all 
violations are resolved. If the user rejects the creation, then the spacer will try a 
different location or a different geometry for the spacer. Another option allows 
the user to reject the creation and manually move traces to try and resolve the 
violation. 

[0040] In interactive mode, crosstalk rules are not examined, and users 
can randomly select one or more nets and specify that a spacer be attached. 
The user can specify a length and width of the spacer to be used. For example, 
the user could drag a box around 32 bits of a bus on a specific layer in a specific 
region of the virtual PCB and attach spacers. 

[0041] FIG. 6 is a flowchart illustrating a method in another embodiment 
for laying out traces on a printed circuit board to reduce crosstalk between 
traces. The method begins at block 600. At block 602, victim nets on a virtual 
PCB are searched for. This is accomplished by finding nets having crosstalk 
rules. 

[0042] When a victim net is found, crosstalk rules are consulted for the 
victim net at block 604. At block 606, aggressor nets relative to the victim net are 
searched for. This is accomplished by finding if a net adjacent to the given victim 
net exceeds the crosstalk rules for the given victim net. When an aggressor net 
is found, a spacer is inserted at block 608. The method ends at block 610. 

[0043] In variations of this method, as described above, a user may accept 
or reject an inserted spacer after block 608. 

Dynamic Spacers 

[0044] In a further aspect of the invention, a method for maintaining 
specified clearances between traces on a printed circuit board is disclosed. 
During subsequent editing of traces, including adds, deletes, and modifications, 
the required clearances are kept intact to meet maximum crosstalk rules. In this 
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respect, spacers automatically adjust in length or width as needed. The user 
may even adjust the height, in which case the width will be automatically 
adjusted, or the user may adjust the width, in which case the height will be 
automatically adjusted. For example, if moving one trace will cause crosstalk 
rules to be violated, then an attached spacer will automatically adjust in length or 
width in accordance with the crosstalk rules. 

[0045] This concept is illustrated in FIG. 7. In FIG. 7, a trace 700 is added 
to the virtual PGB of FIG. 4, pushing the initial traces 402, 404 as well as the 
spacer 406. However, since a spacer 406 exists between the two initial traces 
402, 404, the clearance between the initial traces 402, 404 is maintained. 

[0046] FIG, 8 illustrates a method for preserving specified clearances. It 
starts at block 800. At block 802, a trace is added to a virtual PGB having an 
initial set of traces having a corresponding spacer to meet specified clearances. 
At block 804, the initial set of traces is moved as a result of placing the additional 
trace. At block 806, the spacer moves with the initial set of traces, thereby 
maintaining the specified clearances. The method ends at block 808. 

Computer System 

[0047] Figure 9 is a diagrammatic representation of a machine in the form 
of computer system 900 within which software, in the form of a series of 
machine-readable instructions, for performing any one of the methods discussed 
above may be executed. The computer system 900 includes a processor 902, a 
main memory 904 and a static memory 906, which communicate via a bus 908. 
The computer system 900 is further shown to include a video display unit 910 
(e.g., a liquid crystal display (LCD) or a cathode ray tube (CRT)). 

[0048] The computer system 900 also includes an alphanumeric input 
device 912 (e.g., a keyboard), a cursor control device 914 (e.g., a mouse), a disk 
drive unit 916, a signal generation device 920 (e.g., a speaker) and a network 
interface device 922. The disk drive unit 916 accommodates a machine- 
readable medium 924 on which software 926 embodying any one of the methods 
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described above is stored. The software 925 is siiown to also reside, completely 
or at least partially, within the main memory 904 and/or within the processor 902. 

[0049] The software 926 may furthermore be transmitted or received by 
the network interface device 922. For the purposes of the present specification, 
the term "machine-readable medium" shall be taken to include any medium that 
is capable of storing or encoding a sequence of instructions for execution by a 
machine, such as the computer system 900, and that causes the machine to 
perform the methods of the present invention. The term "machine-readable 
medium" shall be taken to include, but not be limited to, solid-state memories, 
optical and magnetic disks, and carrier wave signals. 

Conclusion 

[0050] In the foregoing specification, the invention has been described 
with reference to specific embodiments thereof. It will, however, be evident that 
various modifications and changes may be made thereto without departing from 
the broader spirit and scope of the invention. The specification and drawings 
are, accordingly, to be regarded in an illustrative rather than a restrictive sense. 

[0051] For example, concepts which apply to traces also apply to nets, 
and vice versa. Thus, spacers may be added to a trace, traces, a net, and/or 
nets, without departing from the spirit and scope of the invention. 
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